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Abstract 
Pulses are the next most important food crop grown globally, providing nutritious food, feed, and fodder 

while conserving natural resources and maintaining ecological balance. Growing of pulses along with 

conservation tillage offers a promising path towards sustainable agriculture, enhancing soil health, 

increasing water retention and improving pulse yields while supporting environmental conservation and 

economic viability. By integrating practices like minimal soil disturbance, cover cropping, and precise 

nutrient management, farmers can reduce soil erosion and degradation, promote soil biota, and increase 

crop diversity. Conservation tillage helps sequester carbon, mitigate climate change, and reduce greenhouse 

gas emissions. Unhealthy practices like excessive tillage, burning crop residues, improper time and method 

of sowing crop and overusing of chemical fertilizers could contribute to declining soil health and resource 

degradation. Shifting to conservation tillage involving pulses with improved varieties of pulse crop offers 

farmers a more sustainable low cost option that can boosts productivity. Effective agro-techniques for 

pulses also involve crop rotation, organic amendments, and integrated pest management, leading to 

improved nutrient cycling, reduced chemical use, and enhanced ecosystem services. Pulses can make 

significant difference in conservation agriculture by enrichment of soil by nitrogen fixation, improves 

water holding capacity, and mitigate the need for harmful fertilizers. Minimum tillage can lead to major 

savings in fuel and labour. Overall, cultivation of pulses under conservation tillage represents a holistic 

approach to achieving agricultural sustainability, resource efficiency, and environmental stewardship, 

ultimately contributing to food security, rural development, and a more sustainable future. 
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Introduction  

Degradation of natural resources due to unscientific means of cultivation and changing climatic 

conditions are the major challenges facing today. According to the UN estimate, the global 

population will hit a milestone of 9.7 billion people by 2050. Under this scenario, global food 

demand will increase considerably from 59 to 98 per cent (FAO, 2022) [1]. To mitigate these 

issues and adapt to changing climatic conditions in a sustainable way, it is essential to diversify 

the cropping system. We require good agronomic practices and climate-resilient crops to 

triumph over the challenges. Pulses are the next most important food crop grown globally, 

providing nutritious food, feed, and fodder while conserving natural resources and maintaining 

ecological balance. 

Grain legumes can be suitable for this purpose as they improve soil health and conserve 

resources (Kumar et al., 2018) [2]. Comparatively lower yield of pulses in India is attributed to 

several adverse factors such as abrupt climate changes, non-adoption of novel technologies and 

poor spread of improved cultivars. Pulses are the most popular and sustainable crop for the 

farmers of our country. Still we are unable to attain self -sufficiency and have to depend on 

foreign countries for our needs (Ahuja and Anantha, 2019) [3]. Cereal crops tend to drain large 

amount of nutrients without replenishing them and causes nutrient depletion which adversely 

affects soil quality. The addition of leguminous crop in the cropping system can helps restore 

soil fertility by its ability to naturally fix atmospheric nitrogen (Page et al., 2021) [4].  

Tillage plays an important role in shaping the soils physical, biological and chemical conditions,  
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causing an impact on the efficiency of nitrogen fixation (Kihara 

et al., 2012) [5]. The conservation tillage system is a method 

which is designed to preserve soil moisture in water stressed 

areas (Rana et al., 2016) [6]. It helps to withstand biotic and 

abiotic stresses in pulses. The major objective of this tillage is to 

conserve soil and soil moisture. Conservation tillage is a farming 

approach that focuses on not disturbing the soil and keeping the 

crop residues on the field. Beyond increased yield, it also 

mitigate the release of harmful greenhouse gas from agriculture 

activities and fixes carbon from the atmosphere in the soil where 

it benefit plant growth. It also improves agricultural and 

environmental sustainability (Jat et al., 2021; Yuan et al., 2023) 
[7, 8].  

Conservation agriculture had proved to be an excellent 

alternative to conventional agriculture by managing these crop 

residues effectively in the long term to achieve lasting, eco-

friendly crop production, building up organic carbon in the soil 

for healthier, more resilient farming systems (Choudhury et al., 

2014) [9]. Major source of short lived climate pollutants like 

methane and black carbon is burning of crop residues. Methane 

is a strong greenhouse gas which causes global warming, while 

air quality is affected by black carbon leading to health problems 

such as respiratory issues and making the air harder to see 

through (Sarkar et al., 2018) [10]. Compared to the traditional 

tillage practices, using of minimum tillage can lead to major 

savings in fuel and labour. Several researchers have shown that 

minimum tillage can cut fuel use for land preparation by 60 to 

66 per cent and reduce labour needs by 70 to 74 percent (Dev et 

al., 2023) [11]. This review examines various agro-techniques in 

pulses under conservation tillage and its role in promoting 

sustainable agriculture by identifying current evidences and 

discusses strategies for enhancing productivity, soil health and 

environmental sustainability. 

The various agro techniques for pulses under conservation 

tillage are reviewed below. 

 

Soil Management 

1. Tillage and Seed bed Preparation 

Tillage plays an important role in shaping the soils physical, 

biological and chemical conditions, causing an impact on the 

efficiency of nitrogen fixation (Kihara et al., 2012) [5]. The 

conservation tillage system is a method which is designed to 

preserve soil moisture in water stressed areas (Rana et al., 2016) 
[6]. It helps to withstand biotic and abiotic stresses in pulses. 

Zero tillage is a type of conservation tillage where the soil is left 

undisturbed and keeping crop residues on soil surface. Kumar et 

al. (2012) conducted a study at IIPR, Kanpur in chickpea and 

expressed yield advantage of conservation tillage in the rice-

chickpea system over conventional tillage. The chickpea yield 

were noticeably higher when crop is sown using zero tillage 

(ZT) drill and ZT dibbling methods along with surface retention 

of crop residues after the rice harvest under rainfed conditions. 

This approach leads to an increased productivity of up to 28.2 

per cent compared to traditional tillage practices [12]. Banjara et 

al. (2017) done a field experiment to explore the impact of 

various tillage methods in the growth and yield of chickpea 

when plant after harvesting rice. Out of the four different 

treatment tested, the study revealed significant differences in 

chickpea yield, with high yield in the minimum tillage with line 

sowing three days after rice harvest [13]. 

Abid et al. (2018) evaluated how different green gram varieties 

responded to various tillage practices and found that minimum 

tillage combined with herbicide spray of imazethapyr and 

imazamox combination at 80 g ha-1 applied 20 days after sowing 

led to superior yield attributes, which was comparable to 

conventional tillage followed by two hand weedings[14]. 

Conservation tillage practices ranging from zero-till drill sowing 

to minimum tillage with line sowing or using post emergent 

selective herbicides consistently provides yield equal or higher 

than conventional tillage practices in pulses. Beyond yield, it 

effects in sustainable pulse production causing long term soil 

health, residue management and improved resource use 

efficiency. 

 

2. Land Configuration  

The raised bed planting system has been found effective for 

pulses, reducing costs and increasing productivity by 

minimizing tillage and preserving water. In a maize-based 

cropping system in eastern Himalayas, Yadav et al. (2021) 

studied six different combinations of tillage and planting 

methods under conservation tillage. The results showed that no-

till raised bed planting was the most effective, improving soil 

properties, carbon sequestration, and boosted field pea seed 

yield after maize, making the entire system more sustainable for 

similar agro-ecological regions [15]. These highlight its potential 

as an effective climate resilient strategy for farmers in water 

scarce and soil degraded lands.  

 

3. Microbial Inoculants 

Microbial inoculants offer a cost effective, low-investment, non-

bulky and environmental friendly alternative to synthetic 

fertilizers. They are renewable and help in the mobilization of 

nutrients in the soil to improve plant nutrition, consequently 

boosting the farm productivity in a sustainable way (Jaga and 

Sharma, 2015) [16]. Bhardwaj et al. (2024) conducted a study 

comparing two tillage method of conventional tillage (CT), zero 

tillage (ZT) alongside eight different combination of biofertilizer 

inoculation of Rhizobium sp., phosphorus solubilizing bacteria 

(PSB) and vesicular arbuscular mycorrhizae (VAM). The results 

indicated that zero tillage combined with biofertilzer treatments 

significantly improved soil health due to the increment in 

organic carbon, available nitrogen and phosphorus levels. Plants 

grown under these treatment also have a higher number of 

nodules, along with higher fresh and dry nodules weight. 

Furthermore, the seed treatments influenced the levels of DTPA- 

extractable iron and manganese in the soil supporting better 

nutrient availability [17]. Integrating microbial inoculants along 

with zero tillage mitigate reliance on chemical fertilizers 

enhances nutrient cycling and soil fertility making it a cost 

effective and sustainable strategy for long term benefits. 

 

Crop Management 

1. Sowing Window 

Singh et al. (2017) reported that in rice along with pulse relay 

cropping system in Southern India, broadcast of black gram 

seeds at 4 to 6 days before rice harvest with life-saving irrigation 

showed better result compared to other treatments [18]. 

Productivity can be increased by using higher-yielding varieties 

proper time of planting by adopting suitable establishment 

techniques in pulses. The time of sowing depends on the receipt 

of rainfall, cropping system, and variety (DPD, 2020) [19]. 

Timely sowing and adoption of improved establishment 

practices like relay cropping with pulses can substantially 

increase pulse yields under varying rainfall and cropping system 

conditions. 

 

2. Improved Genotypes 

The quality and yield of mung bean can be improved 
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significantly by following compatible agronomic practices and 

choosing high yielding varieties. Different cultivars can vary in 

their yield and yield traits (Ayub et al., 1999) [20]. The rice based 

fallow system offers great potential to expand winter pulse 

cultivation area by using fast growing varieties in post monsoon 

soil (Kumar et al., 2018) [2]. An early maturity, faster attainment 

of phenophases, early ground cover posing characteristics is 

considered as advisable plant characters for water stressed rice-

fallow systems (Bandyopadhyay et al., 2016) [21]. The study 

conducted by Sandhu and Makkar (2024) identified SML-832 as 

the best pulse variety of green gram due to its higher yield, early 

maturity, better profitability, and soil-enriching ability. With 

proper practices like seed priming, biofertilizer use, and IPM, it 

boosted net returns and showed strong resistance to pests and 

weeds, making it ideal for sustainable farming in Punjab’s sub-

mountainous regions [22]. 
Comprehensive evaluation conducted by Tamilselvan et al. 
(2025) observed blackgram variety VBN11 showed exceptional 
drought tolerance and leaf greenness even at 38 percent soil 
moisture, making it ideal for rainfed and drought-prone regions. 
In addition chickpea variety JG16 also demonstrated excellent 
resilience under water stress, maintaining photosynthetic activity 
longer than other genotypes. CO8 variety emerged as the most 
tolerant green gram variety, sustaining high canopy health and 
chlorophyll fluorescence even under severe drought [23]. High 
yielding, stress tolerant pulse genotypes have shown significant 
improvements in yield and resilience when combined with 
suitable agronomic practices making them suitable for 
sustainable and water stressed ecosystems. 
 
3. Nutrient Management 
Fertilizers are crucial for crop production and productivity. 
However, continuous and imbalanced use of chemical fertilizers 
can degrade soil health. Pulses can fulfil 80-90 percent of 
nitrogen needs through biological nitrogen (N) fixation, needing 
only a supplement of 15-25 kg N ha-1. Recent practices include 
the application of 20-30 kg ha-1 of sulphur and essential 
micronutrients has found beneficial. Additionally band 
placement of phosphorus fertilizers along with bio-fertilizers has 
shown to boost the efficiency of both added and naturally 
present phosphorus in the soil (Arora and Bhan, 2017) [24]. 
Studies conducted by Datta et al. (2025) found that ten years of 
Integrated nutrient management enhanced microbial growth and 
boosted soil productivity, leading to sustainable crop yields [25]. 
The integration of pulses into cropping system not only 
enhances nutrient availability in the soil but also causes 
desirable changes to its physical and biological properties, 
consequently boosting the overall soil fertility (Kumar et al., 
2018) [2]. But in continuous use of conventional tillage adversely 
impact the soil causing soil compaction, loss of organic matter, 
breakdown of soil structure, reduced amount of carbon bound in 
the soil in the form of humus and depletion of beneficial soil 
microorganisms (Kar et al., 2021) [26]. In an investigation done 
by Nthebere et al. (2025) has found that reduced tillage retaining 
crop residues done under conservation agriculture significantly 
improved soil organic carbon (SOC) levels, enhanced 
availability of soil nutrients specifically nitrogen (N) and 
phosphorus (P), consequently contributed to healthier and more 
fertile soils over times [27].  
Zero-till planting can result in significant savings in soil 
nutrients and water (up to 20-30 percent), especially for crops 
that are bed-planted and laser-leveled (Bhan et al., 2014) [28]. 
Incorporation of the pigeon pea imparts 2.5 to 5.0 kg of 
phosphorus and 13.5 to 24.0 kg of potassium per hectare through 
its leaf litter during the growing season enriching the soil with 

key nutrients growth (Nadarajan et al, 2018) [29]. Integrating 
pulses and conservation practices such as reduced tillage, 
residue retention and green manuring reverse the negative 
impact of continuous conventional tillage. These strategies 
conserves soil and water boosts yield of subsequent crop in 
rotation due to increased phosphorous and potassium inputs 
from legume residues. 
 
4. Irrigation Management 

Pulses having higher water use efficiency is a suitable crop 
grown under moisture stressed environments (Siddique et al., 
2008) [30]. Pulses thrive better when grown along with irrigation, 
because irrigation water plays a crucial factor in boosting their 
productivity. The amount of irrigation water required by pulses 
can vary widely from barely as 5.7 mm during rainy season to as 
much as 609 mm in dry conditions. As a result, the average 
water productivity of major pulse spans from 0.67 to 7.51 kg per 
hectare, depending on the crop and growing environment (Ray 
et al., 2023) [31]. 
In a study carried out by DeVita et al. (2007) observed 
decreased evaporation in no tillage systems, as the soil was less 
disturbed and better protected by surface residues consistently 
maintaining about 20 percent more soil moisture level compared 
in contrast to traditional tillage methods. Conservation tillage 
enhances the infiltration of water by maintaining structure of the 
soil and reducing surface runoff. The presence of macropores, 
formed by earthworms and plant roots, facilitates the descending 
movement of water entering the soil profile and it ensures 
adequate water storage in the root zone [32]. In addition, 
conservation tillage tends to mitigate soil erosion caused due to 
heavy rainfall. The residue cover above the surface of the soil 
dissipates kinetic energy of raindrops, preventing the breakdown 
and movement of soil particles. This not only preserves the soil's 
physical integrity but also minimizes nutrient losses associated 
with erosion (Lv et al., 2023) [33]. 
Ali et al. (2014) advocated no disturbance in the soil and 
withholding of approximately 20 to 25 per cent of crop residue 
on the soil surface as the two basic principles of resource 
conservation technology (RCT) [34]. Hedayetullah and 
Sadhukhan (2018) found that, the broadcasting of chickpea seed 
in standing rice before 15 days of its harvest (relay crop) 
resulted in higher yield (1.44 and 1.41 t ha-1) for two consecutive 
years [35]. Under zero tillage, the soil moisture content was 
almost 20 percent higher as compared to traditional tillage 
throughout the course of growing seasons (Boruah et al., 2024) 
[36]. In summary irrigation optimization under conservation 
tillage improves water productivity, reduces evaporation losses 
and improves infiltration through better soil structure.  
 

Weed Management 

Weed infestation in pulse crops varies based on agro-ecological 
conditions and cultural practices, with different types of weeds 
affecting growth and yield (Kumar et al., 2016) [37]. 
Conservation agriculture practices, such as crop residue 
retention and intercropping, help suppress weed growth and 
improve crop yield by increasing shade and crop 
competitiveness (Singh et al., 2014) [38]. Nichols et al. (2015) 
evaluating various studies concluded that no tillage causes 
accumulation of weed seed bank on the top surface which makes 
it prone to predation, that renders it difficult to penetrate into 
deeper layers [39]. Abid et al. (2018) reported that the mungbean 
variety Co 8 cultivated under under minimum tillage along with 
a post emergence application of herbicide mix imazethapyr + 
imazamox at 80 g ha-1 applied 20 days after sowing showed 
promising results in terms of yield and profitability making it 
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suitable for summer rice fallow [14]. Singh et al. (2023) evaluated 
the weed management practices for summer mungbean under 
zero tillage condition. Their findings revealed that weed free 
plots recorded the best growth, followed by units treated with 
post emergence application of herbicide combination 
(Propaquizafop + Imazethypyr) at 20 DAS and Pendimethalin as 
pre-emergence herbicide followed by one hand weeding at 20 
DAS [40]. 
Surface seeding with mulching offers an eco-friendly method for 
managing crop residues, conserving water, reducing herbicide 
use, and protecting crops from heat stress, while eliminating the 
harmful practice of paddy straw burning. Utilizing aquatic 
weeds as mulch along with zero tillage in rice-based systems 
aids in recycling bio-resources, enhancing soil fertility, and 
improving soil quality and resource use efficiency (Dey et al., 
2023) [41]. Importantly, no till accumulates weed seeds on the 
soil surface exposing it to weathering and predation, potentially 
declines the the seed bank over time. 
 
Cropping System Approach 
Crop diversification is an important practices in conservation 
agriculture involves sowing various crops alternatively in the 
same piece of land in sequence year after year. Diversified 
system can optimize the productivity by making the cropping 
system more resilient to biotic and abiotic stress. Even a crop 
suffers yield loss, farmers can still earn profit from succeeding 
crop (Singh et al., 2022) [42]. Rotating crops alters the condition 
that favour certain weeds, preventing one weed from being 
repeatedly successful, and making it harder to dominate 
preventing its establishment (Nichols et al., 2015) [39]. Kumar et 
al. (2023) comprehensively examined the effect of integrating 
pulses based cropping system in rainfed farming. This system 
can rejuvenate soil health and can restore degraded lands [43].  
Nath et al. (2023) demonstrated that integrating pulse crops and 
organic amendments into cereal-based cropping systems 
significantly improved soil physical, chemical, and biological 
properties, enhancing long-term soil health and crop 
productivity.  Systems like pigeonpea-wheat (P-W) and maize-
wheat-mungbean (M-W-Mb) with integrated nutrient 
management (INM) were effective strategies for sustainable 
agricultural intensification in the Indo-Gangetic Plains [44].   
Jaziri et al. (2022) examined the lasting consequences of tillage 
and crop rotation influence soil organic carbon levels and 
microbial activity in a wheat-based system within the semi-arid 
Mediterranean region. The study showed that no-till practices 
improved organic carbon stock. It also found that crop 
diversification had a positive impact on soil microbial activity 
(Fig.1) [45]. 

 

 
(Source: Jaziri et al., 2022) [45] 

 

Fig 1: Effect of tillage and crop rotation on the soil organic carbon 
stock 

Alekhya et al. (2024) suggested integrating pulses as a solution 

to restore the degraded land in Indo Gangetic plains caused due 

to repetitive and intensive cultivation of rice and wheat, 

particularly combining with conservation agriculture methods 

minimising soil disturbances and maintaining soil cover to 

significantly enhance both soil health and productivity. 

Emphasized the superiority of multiple pulse based cropping 

patterns over conventional systems in terms of yield and profit 
[46]. Additionally contributing to climate resilient and long term 

sustainable agriculture by mitigating greenhouse gas emissions 

and nutrient leaching.  

Arya et al. (2024) reviewed that pulses can make significant 

difference in conservation agriculture by enrichment of soil by 

nitrogen fixation, improves water holding capacity, and mitigate 

the need for harmful fertilizers. They thrive in tough conditions, 

making them suitable for dry and degraded lands. In addition to 

the increment in productivity of the staples by crop rotation or 

intercropping with pulses, it also promote cutting greenhouse 

gases and suppress weed growth [47]. Dutta et al. (2024) reported 

that crop diversification using chickpea with integrated nutrient 

management can boost the phosphorous availability and 

productivity [48]. 

 

Conclusion 

Pulses being a nutrient rich, climate resilient crop nourishing the 

soil by nitrogen fixation, increasing organic carbon pool, 

boosting microbial activity and improving water retention and 

soil structure which plays a transformative role in enhancing 

agricultural sustainability across diverse systems. Conservation 

agriculture, when paired with diversified cropping systems with 

pulses reduces environmental footprints through maximum 

resource use efficiency along with building of resilience against 

climate stress. Further long-term studies and on-farm trials are 

needed to line- tune these practices for different regions and 

pulse crops. Understanding nutrient, weed, disease and insect 

pest dynamics in conservation tillage system of pulses and 

breeding specifically suited to conservation tillage systems will 

help in scaling up conservation agriculture with pulses.  

Soil management practices such as zero tillage and residue 

retention improve soil structure, conserve moisture, and reduce 

input costs. Crop management methods, including improved 

genotypes, balanced nutrient application, and efficient irrigation, 

further boost resilience and productivity. Cropping system 

approaches, such as cereal-pulse rotations and intercropping, 

provide long-term benefits for soil nitrogen and overall system 

sustainability. These strategies provide higher yields and 

profitability along with reduced dependence on chemical 

fertilizers and attributes to resilience against climatic stress. 

However, long-term multi-location studies are required to refine 

conservation practices for diverse agro-ecological regions. 

Further research should address pest and weed dynamics in zero-

till pulses and develop varieties specifically suited for 

conservation agriculture. Addressing these gaps will be crucial 

for scaling adoption and realizing the full potential of pulses 

under conservation.  
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